The sediments collected on Leg 26 of the Deep Sea Drilling Project provide a varying suite of lithologies for a geochemical study. Preliminary analyses, by carbon-arc-emission spectrography, of 91 samples from the nine sites show that the overall geochemistry of the sediments is broadly the same as that of the ocean-bottom sediments of today, though the average manganese, strontium, barium, and molybdenum values are distinctly lower (for the lithogenous sediments 0.21%, 58 ppm, 414 ppm, and 7 ppm, respectively, compared with average values for ocean bottom sediments of today of 0.37%, 180 ppm, 2300 ppm, and 27 ppm). Variations in the elemental concentrations within the lithological units are present. Concentrations of the rare-earth elements are consistent with the suggestion that the Ninetyeast Ridge may be the surface expression of a former mantle plume. The rare-earth data for a sample from the Naturaliste Plateau, from the bottom of Hole 258, were found to follow the same trend as those for the Ninetyeast Ridge samples.
INTRODUCTION
There is little published work on the inorganic geochemistry of sediments collected by the Deep Sea Drilling Project. Analyses are presented in Lisitzen et al. (1971) , Bostrom et al. (1972) , and Donnelly and Nalli (1973) , and standard laboratory reports of silicon, oxygen, aluminum, iron, and magnesium determinations by neutron activation analysis appear in early volumes of the Initial Reports. The basal ferruginous sediments of the eastern Pacific have been studied in detail (e.g., von der Borch et al., 1971; Cronan et al., 1972; and Cronan and Garrett, 1973) .
The calcareous and lithogenous sediments collected on Leg 26 of the DSDP, along with samples of an atypical volcanic ash sequence deposited in a shallowwater environment, provide a varying suite of sediments for a geochemical study which may be expected to show elemental variations at a site not only between differing lithologies but also with variation in depth in a particular lithology. They also provide data for geochemical comparison of buried sediments with those found on the ocean bottom today.
As a first step in such a study a survey using analyses of some of the collected samples obtained by carbonarc-emission spectrography was carried out, and the results are reported here. Certain samples were also analyzed for the rare-earth elements by neutron activation analysis. The purpose of this was twofold. First, to ascertain whether some basal sediments, thought to be derived from basalt, contained, as whole sediments, the rare-earth elements in concentrations similar to those found in ocean basalts; the probable origins of clay fractions from the central Atlantic have been indicated by such means (Copeland et al., 1971) . Secondly, it was hoped to identify the geochemical affinities of the ash sequence at Site 253 and of the basalts from which any of the sediment samples might prove to have been derived.
Further work is being carried out using atomicabsorption spectrophotometry and neutron-activation analysis on these and other samples. Determinations of the H2O+ and carbonate contents of the samples will also be undertaken.
GENERAL PREPARATION OF SAMPLES
Prior to preparation for specific analytical techniques, the samples were dried in an oven at 105°-110°C for sufficient time to enable them to be ground in an agate pestle and mortar to less than 195µ! The ground samples were stored in polyethylene tubes until required.
CARBON-ARC-EMISSION SPECTROGRAPHY Method
Ninety-one samples representing the sediments cored at the nine sites of Leg 26 were analyzed by carbon-arcemission spectrography. First, they were chosen to be representative of the major lithological units, and second, to sample each hole at approximately uniform intervals. No consideration has been given to the ages of the samples at this stage, but these will be taken into account in future work Direct-reading spectrography was used to analyze the samples. This was carried out using a quantitative system which must nevertheless be regarded as semi-quantitative for the purpose of the present study. It is calibrated using argillaceous and siliceous standards. Computerized conversion of the results obtained by the spectrograph to elemental concentrations is based on controlling factors which relate to argillaceous and siliceous sediments. When a sample contains more than about 15% calcium, the conversion program does not allow sufficiently for the matrix and other effects, often causing the recorded concentrations, notably of silicon and aluminum, to be well below those which are considered to be within the useful working range for the element. Such samples are shown by an asterisk in Table 1 . The results that are given for the calcium-rich samples will be affected by the unsuitability of the conversion factors of the computer program, but are given here for comparison at a particular site. Analysis of these sediments by other methods is planned, including analysis for sodium which is not determined by this method. Table 1 shows the elemental contents of each sample, the average elemental contents of a particular lithology at a site, the average elemental contents of a particular lithology at all sites, and some published values for comparison. The values given for trace element concentrations have been founded off to a whole number, except where the values obtained are less than 0.5 ppm and within the working range, when they have been rounded up to 0.5 ppm. Because of the analytical problems mentioned above, a rigorous examination of the results cannot be undertaken until the further analytical work using other methods is completed. However, the main geochemical features of the sediments are described below Site by Site, in most instances under three headings: 1) Major elements 2) Trace elements 3) Enriched trace elements, i.e., those trace elements in which the sediments, at a particular site, are enriched relative to near-shore sediments and igneous rocks. The measured values are compared with collected published data for pelagic sediments (Chester, 1965; Riley and Chester, 1971) . Site 250 1. Major elements: the titanium, aluminum, calcium, and magnesium contents of the detrital clay, the lower lithological unit, and all the manganese values, except at a depth of about 700 meters, are low compared with lithogenous pelagic sediments. The iron concentration decreases with depth, but has a relatively high value (6.9%) in the sample adjacent to the basalt.
Results and Discussion
2. Trace elements: the concentrations of beryllium, scandium, vanadium, chromium, gallium, silver, cadmium, tin, and lead do not vary significantly and are similar to published data. The strontium, barium, and zinc values vary, with zinc concentrated more in the upper lithologic unit; the average values of these elements and those of molybdenum are low compared to other deep-sea clays.
3. Enriched trace elements: cobalt, nickel, and copper, whose concentrations are greatest in the highest samples from each lithological unit, have relatively high values at about 700 meters, as does manganese.
Site 251 1. Major elements: all the sediments from this site are calcareous and contain over 15% calcium; therefore, the analyses are considered unreliable for the reasons explained above. Titanium, iron, and manganese are relatively enriched in the basal sample, probably as a result of the presence of metasomatic garnets in the basal micarb chalk, described elsewhere (Kempe and Easton, this volume, Chapter 25).
2. Trace elements: the lead and barium concentrations in the basal sample, relative to the other samples, are respectively enriched and depleted. The copper values are the only others to vary significantly.
Site 252
1. Major elements: the average aluminum (4.5%) and manganese (0.08%) contents are low compared to noncalcareous pelagic sediments (Al, 9.3%, Mn, 0.38%). The uppermost sample contains a high percentage of iron.
2. Trace elements: the lithium, beryllium, strontium, barium, scandium, vanadium, chromium, gallium, silver, cadmium, and tin contents of the samples are all consistent with the lithologic nature of the sediments, but the average value for molybdenum (3 ppm) is low compared with the published value (27 ppm).
3. Enriched trace elements: cobalt, nickel, copper, zinc, and lead, all of which, except zinc which is more highly enriched, are present in concentrations similar to those found in Atlantic deep-sea clays.
Site 253
The uppermost lithologic unit consists of nannoplankton oozes and chalks. The high calcium contents of the samples from this unit affect the analyses which include apparently consistently low manganese and titanium values. The lower unit is a sequence of altered vitric volcanic ash, the geochemistry of which is consistent with an igneous provenance and admixture of fossil fragments and is dealt with elsewhere (McKelvey and Fleet, this volume, Chapter 22).
Site 254
1. Major elements: as at Site 253, calcareous oozes make up the upper lithological unit and show low concentrations of manganese and titanium. Beneath these occur sediments which are considered to be volcaniclastic and of basaltic provenance. The presence of macrofossils causes low silicon and aluminum and high calcium concentrations in two of the upper three samples of this unit. The titanium and iron contents are consistently high, in the latter case increasing with depth, but the manganese values are very low, being highest in the sample adjacent to the basalt.
2. Trace elements: the average barium (30 ppm), molybdenum (2 ppm), and lead (1 ppm) concentrations Note: * Sample containing more than 15% Ca (See text); + Result greater than the upper limit of the useful working range for the direct-reading spectrograph (see above); -Result less than the lower limit of the useful working range for the direct-reading spectrograph (see above); > Prefix of average calculated using upper limit value of the useful working range for the direct-reading spectrograph in place of result(s) shown as above upper limit, hence actual average is greater than that shown; <C Prefix of average calculated using lower limit value of the useful working range for the direct-reading spectrograph in place of result(s) shown as below lower limit, hence actual average is less than that shown; and x An estimate of order of magnitude a For these sediments, this method must be regarded a<: at hρ«t «•mi-πnαntitativ» in the volcaniclastic sediments are low and not typical of deep-sea sediments.
3. Enriched trace elements: the concentrations of vanadium, cobalt, nickel, copper, and zinc are typical of deep-sea sediments, but the chromium values and the higher vanadium values are unusual because chromium is not normally enriched in pelagic sediments, and, even in the Pacific, the average vanadium content is only 330 ppm.
Site 255
The two samples from this site which were analyzed are calcareous oozes and apparently contain titanium, iron, and manganese in low concentrations, with the two manganese values differing greatly.
Site 256
1. Major elements: typical deep-sea clays were sampled at this site, though the lowest sample is calcium rich and contains relatively little silicon, titanium, iron, and aluminum. The average manganese content is consistent with this view, but the manganese values of the samples vary between 0.53% and 0.10%.
2. Trace elements: beryllium, strontium, scandium, chromium, gallium, silver, and cadmium all occur in amounts to be expected in pelagic clays, but the average lithium concentration (189 ppm) is high compared with the average value for pelagic clays (57 ppm); also, the barium and molybdenum values are low and vary, as do those of lithium.
3. Enriched trace elements: vanadium, cobalt, nickel, zinc, copper, and lead are all enriched, and the values of the first four of these vary distinctly from sample to sample, vanadium attaining a high value of over 700 ppm in one sample. The degree of enrichment of vanadium and cobalt is similar to that in Pacific clays, but the other elements are enriched as in Atlantic clays.
Site 257
1. Major elements: the Site 257 samples, coming from a similar geologic setting, are like those of Site 256. In general, the titanium and aluminum values are low, the aluminum values being exceptionally so in the lowest two samples. The iron and manganese concentrations at the top and the iron concentrations at the bottom of the sequence are relatively high. Samples taken at 201 and 239 meters, with high calcium and low silicon contents, represent mixtures of clays and coccolith oozes.
2. Trace elements: the lithium, beryllium, scandium, chromium, gallium, silver, and cadmium values are typical, and, as at Site 256, the barium and molybdenum values are generally low, while the tin concentrations are lower than elsewhere.
3. Enriched trace elements: as at Site 256, vanadium, cobalt, nickel, copper, zinc, and lead are enriched, though beneath 250 meters the lead results are distinctly low. Vanadium obtains a higher maximum value than at Site 256 (> 1000 ppm).
Site 258
1. Major elements: the upper lithological unit, as the calcareous sediments at other sites, contains low concentrations of titanium, iron, and manganese. In the underlying detrital clay the titanium, aluminum, iron, and manganese contents are low; the manganese values vary little and have an average value of 0.01%, compared with an average value for lithogenous pelagic sediments of 0.37%.
2. Trace elements: the results for lithium, beryllium, barium, chromium, gallium, and strontium are generally typical of deep-sea sediments, but those for scandium, vanadium, molybdenum, and tin are low compared with other sites. The barium concentrations vary, being atypically high in the calcareous sediments but very low in the bottom two samples. Nickel and lead are not enriched relative to near-shore sediments and igneous rocks.
3. Enriched trace elements: cobalt, copper, and zinc are enriched to a lesser extent at this site than at Sites 256 and 257, with the degree of enrichment being similar to that of the Atlantic.
4. Basal glauconitic sandy lithological unit: this is of basaltic provenance (B. C. McKelvey, personal communication) and is a geochemically distinct unit containing more titanium, iron, vanadium, chromium, cobalt, nickel, and copper than the overlying clays.
Conclusions
Because of their unreliability, little will be said here of the results for the nannoplankton oozes and chalks. However, it is worth noting the apparently low average iron and manganese contents of the oozes (0.8% and 0.4%, respectively), compared with average iron and manganese concentrations of calcareous pelagic sediments of (2.77% and 0.26%). The average major element concentrations in the other three major lithologic types, which are all basically clays, are generally similar, bearing in mind their somewhat variable components. The average compositions of these clays are in most respects the same as the average published analyses. Of the major elements, the determined titanium and aluminum average values are about half the published values. The average iron content is lower than that published (about 4.6% compared with about 6.0%) and there is, on the average, approximately 0.2% manganese in these samples compared with a published average of about 0.4%.
The measurements of the lithium, beryllium, scandium, chromium, gallium, silver, and cadmium contents yield average values similar to the published values, but those of strontium, molybdenum, and notably barium are low. The existing data concerning tin are inconclusive, giving values of about 1.0 or 20 ppm; the figures obtained here are generally between these values.
The clays are enriched in vanadium, cobalt, nickel, copper, lead, and zinc, relative to near-shore sediments and igneous rocks in the manner characteristic of pelagic clays (Chester, 1965; Riley and Chester, 1971) . The average vanadium, cobalt, and nickel values are greater than those of the Atlantic but less than those of the Pacific, while the average copper and lead values are similar to those of the Atlantic. It would seem significant that these trace elements, normally considered to be associated with the hydrogenous components (e.g., ferromanganese nodules and iron and manganese oxides) of deep-sea sediments (Riley and Chester, 1971) , and iron are present in the Leg 26 samples in concentrations similar to those in sediments from on and just below the present-day ocean bottom, while the average manganese concentration in the drilled samples is about half that of the ocean-bottom sediments.
In order to study the partitioning of the iron, manganese, and trace elements between the various components of the sediments, some of the samples will be subjected to chemical treatment as described by Chester and Hughes (1967) . Continuing work will provide chemical analyses of these and other samples, together with specific mineralogical investigations. These studies will provide data for comparison with present-day pelagic sediments, and, hopefully, elucidate elemental variations at particular sites, with possible implications for the oceanic sediment pile as a whole.
NEUTRON ACTIVATION ANALYSIS

Method
Duplicate samples of the Leg 26 material and of USGS standard rock BCR-1 of known weight, along with elemental standards, were irradiated in the University of London Reactor at a thermal neutron flux of about 0.9 × 10 12 n cm ~2 sec"
1
. For the determination of cerium, neodymium, europium, gadolinium, terbium, holmium, thulium, ytterbium, and lutetium, the samples were irradiated for 15 hr and allowed to cool for about 3 weeks. For lanthanum and samarium, the irradiation was for 7.5 hr with a cooling period of 4 to 5 days. The activity, in the case of the former group of elements, was detected by means of a low-energy ultra-pure germanium detector (Princeton Gamma Tech.) with the following measured specifications: resolution (FWHM) of 538ev at 122 kev; active area 200 mm 2 ; 5-mm thick; 5-mil Be window. The detector was coupled via a pulsed optical feedback preamplifier and amplifier to an Intertechnique SA40B 400 channel analyzer. For the determination of lanthanum and samarium, a germaniumlithium detector (Princeton Gamma Tech.), with the following measured specifications: resolution (FWHM) of 1.81 kev at 1.33 Mev; efficiency (relative to sodium iodide [Tl] detector) 8.1%; 42-cm 3 active volume; drift depth 16 mm, was used. This was connected via a preamplifier and a Tenelec 205 amplifier to an AEP 4096 channel analyzer based on a Nova computer. A pulse generator was used to enable a correction for dead time to be made.
Results and Discussion
The rare-earth contents of six samples are shown in Table 2 , along with the enrichment factors relative to chondrites. Table 3 compares the values determined for the USGS BCR-1 standard with the published values (Flanagan, 1973) .
The enrichment factors, relative to chondrites, for the rare-earth elements of oceanic sediments and ridge basalts are distinct; a plot of these factors (Figure 1) shows that, while the enrichment factors of the ele- Schilling (1973) for basalts from the Reykjanes Ridge near Iceland, and its extension over the island. Thompson et al. claim their results are consistent with the idea of the Ninetyeast Ridge being the surface expression of a former mantle plume. This hypothesis is further supported by consideration of the ratio of the lanthanium and samarium enrichment factors (La/Sm)E.F., relative to chondrites. The ratios for the basalts studied by Schilling fall into three groups. The ratios for the ridge basalts over 400 km southwest of Iceland on the Reykjanes Ridge are less than 0.5, while those basalts from within 200 km of Iceland, on the ridge and from the landward extension of the ridge, have ratios between 0.8 and 1.4. In Figure 3 the (La/Sm) E.F. ratio ranges for these two groups of basalt, and an intermediate group from on the ridge are shown diagrammatically, along with the (La/Sm) E.F. range for the oceanic sediments analyzed by Wildeman and Haskin (1965) . It can be seen that the (La/Sm) E.F. ratios for the Ninetyeast Ridge samples are similar to those for the basalts from Iceland and the Ridge within 200 km of Iceland, whose compositions are considered by Schilling (1973) to be influenced by a primordial hot mantle plume rising beneath Iceland. The (La/Sm) E.F. ratio of the sample from Site 258 is also within this group, but the basal sediments from Sites 250 and 257 have Haskin et al. (1968) . Values for oceanic sediments: Wildeman and Haskin (1965) . Wildeman and Haskin (1965) . Values for Reykjanes Ridge: Schilling (1973). with no other of the samples, and come from the lower magnesium-rich half of the Site 253 altered-ash sequence (see McKelvey and Fleet, Chapter 22, this volume) .
